Abstract-In this paper, we propose a new technique for MIMO-CDMA systems that combines the Spatial Modulation (SM) concept and the permutation spreading design. Simulation results of the proposed system show a significant improvement of the BER performance in low signal to noise ratio (SNR) compared to the conventional STBC design.
I. Introduction
Wireless communications is the enabling technology for much of our business and entertainment activities, and the demand for these services continues to grow at a rapid pace. Service providers are expected to be able to accommodate a large increase in the number of users with increased data rate requirements. With the development of the Internet of things (IoT), Ericsson has announced that more than 50 billion devices will be connected to the network by 2020 [1] . Therefore, future wireless networks should be able to accommodate large increases in data traffic and data rates compared to those they can accommodate today.
Multiple Input Multiple Output (MIMO) systems are able to achieve high data rate without any increase in the transmit power or bandwidth. However, MIMO systems are more complex as they require more power amplifiers, RF chains, and signal processing compared to Single Input Single Output (SISO) systems. Therefore it is advantageous to design a MIMO system that balances spectral efficiency, power efficiency and overall complexity. The spatial modulation (SM) technique has proven to be a potential technology that can achieve a good balance between these three cost functions. SM activates one or more transmit antennas, on each signaling interval, as a function of some of the data to be transmitted and uses the antenna indices as an additional information bearing resource [2] . Taking advantage of a decreased RF chain design and using a transmit antenna array, some recent studies have shown that SM can outperform many conventional MIMO systems with less active transmit antennas [3] , [4] .
Much research on fifth generation (5G) systems focuses on nonorthogonal multiple access (NOMA) as the radio access method as such techniques can potentially increase spectral efficiency, especially ;if strong error control coding techniques are employed. Code division multiple access (CDMA) is one type of NOMA scheme and can be used with other 5G candidate waveforms such as low density spreading (LDS). Combined with MIMO, MIMO-CDMA systems can offer large increases in spectral efficiency due to the ability to multiplex signals spatially and by spreading with lowly correlated codes.
The extension of the parity bit selected spreading technique to MIMO-CDMA systems, introduced in [5] , shows that a performance gain can be obtained when the selected spreading sequences depend on the data that is to be transmitted. The technique used different spreading code permutations to impart redundant data to the receiver and is thus referred to as the permutation spreading technique. In this paper we introduce, for the first time, a new technique that combines the benefits of SM and MIMO-CDMA systems with permutation spreading. Rather than activating all Nt transmit antennas at each signaling interval in a MIMO-CDMA system employing parity bit permutation spreading, only Na transmit antennas are activated. Similar to SM concept, a combination of transmit antenna is selected from the available possibilities where the selected combination of transmit antennas depends on which coset the messages to transmit comes from. By doing so, a reduction of Inter-Channel Interference (ICI) effect can be achieved while keeping a certain diversity order compared to SM. Moreover, the paper evaluates the bit error rate (BER) performance of the new technique under frequency-nonselective Rayleigh fading channels.
II. Single User Scenario

A. Transmit Model
The transmitter block diagram of the proposed technique is shown in Figure 1 where a MIMO-CDMA system with Nt transmit antennas and Nr receiver antennas is considered.
In this system, the binary information streams are first divided into blocks of k bits, where = log ( ) * for an M-ary modulation scheme. Then, the message bits are converted into Nt parallel streams and fed into the SM mapping block and the spreading code selector. Similar to the permutation spreading technique discussed in [5] , the spreading code selector chooses, based on the input bits, a unique permutation of Nt sequences ( ), ( ), ⋯ , ( ) from a set of N mutually orthogonal sequences { ( ), ( ), ⋯ , ( )} where N ≥ Nt.
Additionally, the SM-mapping block selects the pair of antennas to activate and the information bits to transmit. Then, the message bits are modulated using BPSK modulation and multiplied with the chosen spreading sequence before transmission. In the spreading code selector side, messages carried by the same spreading code are divided into cosets { , , ⋯ , } so that the Euclidian distance between messages in each coset is maximized. The number of cosets (K) depends on the number of antennas (Nt) and the number of messages in each coset (L): = 2 / . Each coset will be assigned with a unique permutation spreading waveforms.
The permutation design used is based on the Alamouti's orthogonal STBC matrix in order to preserve the orthogonality between message vectors and achieve a diversity order similar to STBC as shown in [6] . For a system with 4 transmit antennas, 8 orthogonal waveforms are needed, and thus the permutation table is generated based on the 8x8 STBC matrix. One of possible spreading permutation table for such system is shown in Table I , where wj(t) refers to the spreading waveform assigned to antenna j and ci(t) is the ith spreading code. Coset Message w1(t) w2(t) w3(t) w4(t)
In the SM mapping block side, the message vector is divided into subgroups of length = + = log + ( ) * , where Na is the number of transmit antenna to activate at each time instant and Nt is the number of available transmit antennas. The first bits, of each subgroup, are divided into different cosets (M′ ; M′ ; … ; M ) that provide a maximum Euclidian distance between messages in each coset. The number of cosets (K') depends on the number of antennas to activate (Na) and the number of messages in each coset (L'): ′ = 2 / ′. Each coset will be assigned with a unique pair of antenna to activate. The next bits are modulated using any signal modulations schemes such as M-QAM modulated and transmitted over the activated antennas.
One of possible SM mapping table for a MIMO system with four transmits antennas and four received antennas using BPSK modulation is shown in Table II . Table III shows the full transmit signal for a system with four transmit antennas and four receiver antennas and using BPSK modulation. Figure 2 . Similar to the permutation spreading sequences, each receiver antenna is equipped with a bank of matched filters that correspond to one of the N spreading waveforms { ( ), ( ), ⋯ , ( )}. The receiver estimates the transmitted symbols and the index of the activated transit antennas using the Maximum Likelihood (ML) method and the output of the matched filters as decision variables. The ML compares the received vector with all possible transmitted combinations and selects the option that provides the minimum Euclidian distance. This information is then used to retrieve the transmitted data bits using the same mapping table at the transmitter.
The decision variable for MIMO-CDMA system with permutation spreading sequences using SM is similar to the one discussed in [6] . However, in this case only pair of transmit antennas are used.
If we consider a MIMO-CDMA system with permutation spreading sequences using SM with Nt transmit antenna and Nr receiver antenna. The received vector can be expressed as follows: Fig. 2 . Receiver of MIMO/CDMA with permutation spreading using SM Where is the output from the lth matched lter of the jth receiver antenna and it is expressed as follows: ] . ML detection then is then used in order to estimate transmit antenna index ̂ and data bits when the kth message vector is transmitted. Thus, the decision variable for the MIMO-CDMA system with permutation spreading sequences using SM is given by:
where is the vector made up of all possible received vector with the absence of the noise.
C. Theoretical analysis of the BER performance
Based on the study shown in [6] , the BER as well as the probability of symbol error, when using ML detection, can be computed by first finding the squared Euclidian distance between constellation points, then computing the union bound probability using formula ( , ) given by [7] :
and L is the diversity order, x is average received energy per bit to noise spectral density ratio and Nr is the number of receive antenna.
1) MISO-CDMA system
Let us consider a MISO-CDMA system with permutation spreading sequences using SM with Nt transmit antenna and one receiver antenna. The channels are assumed to be frequency-nonselective with independent faded complex channel gains. In this case, the received vector is given by:
The first step of the analysis consists of finding the squared Euclidian distance between constellation points. For MISO system with four transmit antennas, the constellation points are shown in Table IV where the noise is considered to be equal to zero.
Probability of detecting message from the same coset
Let us assume that the transmitted message is m = [0 0 0 0]. To find the probability of detecting message m = [1 1 1 1] , given that message m = [0 0 0 0] is transmitted, we should compute the squared Euclidean distance between their constellation points:
Similar to study shown in [6] , it can be shown that
, has a chi-square distribution with 4 degree of freedom and diversity order of 2. Therefore, the probability that the message m = [ 1 1 1 1 Probability of detecting message from different coset but having the same antenna index From Table IV , it can be seen that three cosets (M2, M3 and M4) use the same transmit antenna combination. It can be shown that all message vectors from these cosets have the same Euclidean distance and therefore the same probability of error. We refer to this probability as _ . Following the same steps as the pervious section we can show that:
Probability of detecting message from different coset with different antenna index The last case of this analysis is when the receiver incorrectly detects a message from a different coset that uses a different transmit antenna combination than the transmitted message. From Table IV , it can be seen that the messages of four cosets (M5, M6, M7 and M8) use a different transmit antenna combination than message m = [0 0 0 0]. It can be shown that all message vectors from these cosets have the same Euclidean distance and therefore the same probability of error. We refer to this probability as _ . Following the same steps as the pervious section we can show that: As the probability of error detection is independent of the transmitted message [6] , we can write that ( ) = ( | [0000]). Likewise, the probability of bit error is independent of the message that has been sent; the union bound probability can be expressed as follows:
< (2, 4 ) + 3 * (2, 2 ) + 4 * (4, ) (13) with p(L; x) is computed using Equation (5).
2) MIMO-CDMA system Now let us consider MIMO-CDMA system with permutation spreading sequences using SM with Nt transmit antennas and Nr receiver antennas.
Similar to the MIMO system, we can show that the union bound probability of a single user MIMO-CDMA system with permutation spreading sequences using SM is given by: < (2 , 4 ) + 3 * (2 , 2 ) + 4 * (4 , ) (14)
III. Simulation results
The BER performance of the proposed technique is discussed in this section. All simulations are performed using Matlab where all channel gains are considered to be independent, frequency non-selective and perfect channel state information (CSI) is considered to be available at the receiver with zero power penalties. The orthogonal spreading codes are generated using Hadamard codes with length of 8 bits per chip sequence. BPSK modulation is used and data bits are generated such a way to ensure at least 100 errors counted. Fig. 3 . Theoretical BER performance of 4x4 MIMO-CDMA Figure 3 shows a comparison between the theoretical union bound of 4x4 MIMO-CDMA systems with permutation spreading using conventional STBC design vs SM design. The new technique shows a significant improvement of the BER performance of about 2dB for an SNR between 0 and 10dB. This is due mainly to the fact of using less transmit antennas and therefore reducing the inter-channel interferences. However, using fewer antennas means less diversity gain. This can be noticed from Figure 4 where the BER performance starts to drop for an SNR higher than 12dB. Figure 4 presents the simulated and theoretical results of the BER performance of our proposed technique in MIMO-CDMA systems with 4 and 2 transmit antenna and 1, 2 and 4 receiver antennas. As expected, we can notice that the union bound estimation derived in the previous section is close to the simulation results and it is tight as the SNR increases. We also notice additional diversity gain as the number of antennas increases which improves the BER performances. Figure 5 shows, a comparison of the BER performances of the proposed system and the conventional STBC design for a 4x4 MIMO system. It can be seen that the new SM design provides a significant improvement of the BER performance, of about 2 dB, compared to the conventional STBC technique. Also, we can notice that the BER performance start to drop as the SNR increases. However, an important increase of the BER performance can be noticed as the number of antennas increases. This is due to the fact that less transmit antennas are being simultaneously used in our proposed system, therefore there is less transmit diversity. However, the advantage of our proposed system is that although it uses the same number of transmit antennas as the system presented in [5] , it requires less RF chains in the transmitter.
IV. Conclusion
In this paper we have proposed a new modulation technique for MIMO-CDMA systems that takes the advantage of both SM-design and permutation spreading design. We have shown how the spatial positions of transmit antennas can be combined with permutation spreading technique in order to create an additional dependency between the data bits and the antennas combinations and thus increase the spectral efficiency of the system. The analytical expression of the BER was derived using the union bound method.
Simulation and theoretical results showed that that the proposed technique provides significant improvement of the BER performance compared to the conventional STBC design. The system performance can be enhanced by the application of error control coding and MUD methods.
